We report the detection of an Hα emission line in the low resolution spectrum of a quasar, RX J1759.4+6638, at a redshift of 4.3 with the InfraRed Camera (IRC) onboard the AKARI. This is the first spectroscopic detection of an Hα emission line in a quasar beyond z=4. The overall spectral energy distribution (SED) of RX J1759.4+6638 in the near-and mid-infrared wavelengths agrees with a median SED of the nearby quasars and the flux ratio of F (Lyα)/F (Hα) is consistent with those of previous reports for lower-redshift quasars.
Introduction
The broad emission lines of high-redshift quasars are luminous enough to study physical properties of quasars such as central black hole mass, accretion rate and metallicity of broad emission line regions in the early universe. Recent optical observations of emission lines such as C IV and N V reveal supersolar abundances in quasar broad emission line regions even at z > 4 (Dietrich et al. 2003) . The lack of evolution of the Fe II/Mg II UV emission line ratio of quasars apparently continues out to z=6.4 (Barth et al. 2003; Iwamuro et al. 2004 ). The rest-frame optical Fe II emission as well as hydrogen Balmer emission lines in high-redshift quasars cannot be measured from the ground facilities.
These measurements can be pursued with the AKARI (Murakami et al. 2007 ) which has a unique capability to take near-infrared spectra in 2 − 5µm from the space as well as midinfrared (5-14, 18-26µm) with the InfraRed Camera (IRC; Onaka et al. 2007; Ohyama et al. 2007) . Therefore one can trace the redshifted emission lines toward the high-redshift universe with the AKARI.
A quasar, RX J1759.4+6638, at a redshift of 4.320 was discovered as the most distant ROSAT X-ray selected object known at the time by Henry et al. (1994) near the North Ecliptic Pole (NEP). In this paper, we report the near-infrared spectroscopy of this quasar and the detection of an Hα emission line at z = 4.3. Previous studies (Espey et al. 1989; Nishihara et al. 1997) performed the measurements of the Hα emission line in high-redshift quasars in the near-infrared spectroscopy and the redshifts of their sample only reached z ∼ 2.4 because the wavelength of redshifted Hα emission lines is affected by strong thermal emission of a telescope. Therefore this is the first spectroscopic detection of an Hα emission line in a quasar beyond z=4, while Hα detections in photometric observations are reported by Jiang et al. (2006) for quasars at z∼ 6 by using the Spitzer IRAC. Our spectroscopic detection is caused by a benefit of high sensitivity spectroscopy with a cooled telescope from the space.
Through this paper, we adopt a flat cosmology with H 0 = 71 km s −1 Mpc −1 , Ω = 0.27 and λ = 0.73 (Spergel et al. 2003) .
Observation and Data Reduction
RX J1759.4+6638 was observed by the AKARI IRC on 2006 April, May, October and 2007 February. As summarized in Table 1 , we made six pointed observations using the IRC spectroscopic mode AOT04. There are three observing modes: NP, NG, and NPNG modes. The NP mode uses the near-infrared prism with spectral resolving power R ∼ 19 at 3.5µm. In this mode, a target is put on the imaging area of near-infrared detector. In the NP mode, a MIR-S spectroscopic observation of a target is performed simultaneously. The NG mode uses the near-infrared grism (R ∼ 120 at 3.6µm), in which a target is put on a small aperture for a point source grism spectroscopy. The other, NPNG, is a special observing mode for a calibration using the prism and the grism in the first half observation and the second, respectively. The first four observations with the NPNG mode were done for the wavelength calibration using the planetary nebula NGC 6543 in the performance verification phase. During these observations, the spectra of RX J1759.4+6638 were obtained serendipitously. The remaining observations were targeted observations for this quasar using the AKARI Director Time in order to confirm the serendipitous detections in the performance verification phase. The data were processed through the IRC Spectroscopic toolkit (Ohyama et al. 2007 ) to produce calibrated data frames. The data were converted into dark-subtracted, linearity corrected and flat-field corrected frames after data that had strong cosmic rays on the target object were removed with visual investigation. Multiple frames were combined, and one-dimensional background-subtracted spectra of the target quasar were extracted from the combined data with the aperture width of 3 pixels (4.5 ′′ in the NIR). The resultant spectra were scaled by a factor of 1.6 for the aperture correction. In addition to the error estimation by the IRC Spectroscopic toolkit using the sky variation near a target, we also calculated the root mean square of signal between each frames. The original error estimation was recognized to be overestimated due to the contamination of other sources and the variations of signals between each frame were used as the background error of spectra here.
The photometric calibration of the spectrum was based on AKARI IRC observations of standard stars, while the wavelength calibration was based on observations of emission line stars and planetary nebulae (Ohyama et al. 2007) . At this time we estimate that the overall uncertainty in the wavelength calibration is ∼ 0.05µm at 3.5µm.
Result
The series of PV phase observations (ID 5020047.1, 5020048.1, 5020049.1 and 5020050.1) detected the Hα emission line only tentatively because the contamination of a faint near-infrared source affected positions of the Hα emission line. The targeted NP observation (ID 5124044.1) was arranged after we checked that the dispersion direction was free from any other object using the deep N3-band image of the AKARI North Ecliptic Pole (NEP) Survey (Figure 1 ; Oyabu et al. 2007 ). The NG spectroscopy (ID 5124035.1) and all MIR-S data, which were taken simultaneously during NP observations, provided spectra with low signal-to-noise ratio only. Figure 2 presents the resultant observed spectrum of the NP observation on the top panel with a black thick line. On the spectrum, there are two features; a bump at the wavelength of 3.47 µm and a dip on the shorter wavelength side of the bump. The bump is located at the Hα emission line corresponding to z=4.29. For the check of their reliabilities, we divided their data in half and reduced them separately. On the top panel of Figure 2 , two spectra of first and second half data are also shown in blue and red lines, respectively. Both the dip and the bump are shown in both data sets. In addition, we also checked that the response function of the NP prism did not produce these features as shown on the bottom panel of Figure 2 . Thus both features, the bump and the dip, are real. The other possible explanation of the bump is the contamination of other sources. However, as mentioned above, we arranged the NP observation when the dispersion direction was free from any other objects. There is no contamination in the dispersion direction as shown in Figure 1 , and therefore we conclude that the detection of the Hα emission line is reliable.
To determine the wavelength center and the full width half maximum (FWHM), we fit a Gaussian function to this spectrum after smoothing the spectrum with 3 pixels (Figure 2) . The detail measurements of the Hα emission line are summarized in Table 1 . The redshift from the Hα emission line is found to be z = 4.29 ± 0.06, in agreement with the previous measurements of redshifts, z=4.320 (Henry et al. 1994 ) and 4.32 (Constantin et al. 2002) by using restframe-ultraviolet emission lines from the ground-base optical spectroscopy. The Hα line flux is 4.9 ± 1.1 × 10 −22 W cm −2 , corresponding to the luminosity of Hα emission line L(Hα) = 7.5 ± 1.7 × 10 36 W at z=4. and the dip makes it difficult to measure the Hα line flux and the EW accurately. This dip might be a broad absorption line feature, while there are no features of broad absorption lines in the restframe UV spectra (Henry et al. 1994; Constantin et al. 2002) . Thus the reason of this dip is still uncertain.
We also measured the NIR and MIR-S photometric fluxes of this quasar with the IRC during the course of the AKARI NEP-Deep Survey (Oyabu et al. 2007) 1 . The results of the NIR and MIR-S bands are summarized in Table 3 . Figure 3 presents the comparison of the IRC spectrum of RX J17759.4+6638 with IRC photometric result as well as the median spectral energy distribution (SED) of low-redshift quasars (Elvis et al. 1994) . Assuming that the N3-band flux includes the Hα emission line flux and the N2-and N4-bands represent continuum level, the flux of the Hα emission line, F (Hα) = 4.0±2.6 ×10 −22 W cm −2 , from the photometric data agrees with the spectroscopic measurement of the Hα emission line. The uncertainty of the line flux from the photometric data is dominated by the systematic errors of photometric calibration. The observed fluxes of emission lines and continuum level are consistent with the photometric study within their uncertainties. Comparing our measurements with the median SED of low-redshift quasars (Elvis et al. 1994) , RX J1759.4+6638 has quite typical spectral energy distribution, which suggests no significant evolution in the rest-frame optical-and nearinfrared wavelengths.
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In Oyabu et al. (2007) , this quasar is called as CXOSEXSI J175928.1+663851. Fig. 3 . Comparison of the spectrum of RX J1759.4+6638 with the photometric study. The solid line is the IRC spectrum as shown in Figure 1 with 1σ error bars, while red diamonds presents the photometric result from Oyabu et al. (2007) . The red horizontal and vertical bars on each point presents the band width and the 1σ photometric error, respectively. For comparison, the median spectral energy distribution of low-redshift quasars (Elvis et al. 1994 ) is plotted in a dotted line after scaled at the N4-band. In Oyabu et al. (2007) , this quasar is called as CXOSEXSI J175928.1+663851. 
Discussion
The flux ratio of the observed Hα emission line to Lyα would be useful to investigate the physical conditions in the broad-line region and the reddening to this region. Henry et al. (1994) observed the rest-frame ultraviolet spectra from ground-based telescopes, and they measured the Lyα emission line flux of F (Lyα) = 1.4 ×10 −21 W cm −2 on June 1993. Constantin et al. (2002) made a new measurement of F (Lyα) = 6.4 × 10 −22 W cm −2 on June 1999 with the Keck Telescope 2 . The Lyα line flux from Constantin et al. (2002) changed into less than half of the measurements in Henry et al. (1994) on a timescale of about 1 yr (rest frame) suggesting that this quasar is variable. We note that the X-ray observations of this quasar (Grupe et al. 2006 ) also reported variability. In addition, the line profile of Lyα is strongly affected by the intervening column of intergalactic neutral hydrogen (Henry et al. 1994; Constantin et al. 2002) . These problems make straightforward comparisons between Hα and Lyα line fluxes difficult. However assuming that the Lyα emission line flux in Constantin et al. (2002) ( Tsuzuki et al. 2006) , although the theoretical values of F (Lyα)/F (Hα) = 10 − 12 from pure recombination calculation (Osterbrock & Ferland 2006) are greater than observations. AKARI will extend the spectroscopic sample of high-redshift quasars' spectroscopy for more detailed studies of Hα emission lines at z > 4. Specifically, one of the AKARI Mission Programs, "The unbiased Slit-less spectroscoPIC surveY of galaxies (SPICY)" (Matsuhara et al. 2006) , is designed and conducted to make ∼ 0.5 square degree scale survey with slit-less spectroscopy with AKARI IRC wavelength and will provide a new sample of Hα emission lines in the high-redshift universe.
Summary
We present the detection of an Hα emission line on the low resolution spectrum of a quasar RX J1759.4+6638 at a redshift of 4.3 with the IRC onboard the AKARI after careful consideration of possible artifact and contamination. This is the first spectroscopic detection of an Hα emission line in a quasar beyond z=4. Our spectroscopic measurement shows a good agreement with the photometric data from the AKARI NEP-Deep Survey within their uncertainties. The overall SED of RX J1759.4+6638 in the near-and mid-infrared wavelengths also agrees with a median SED of the nearby quasars. The flux ratio of F (Lyα)/F (Hα) of this quasar is consistent with those of previous report for lower-redshift quasars. These results suggest no significant evolution of the quasar's features at z = 4.3 in the optical-and nearinfrared wavelength (rest frame).
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